INTRODUCTION
plants. Its therapeutic roles have been mentioned about 1400 years ago in the Holy Qur'an (Surah Nahl, verse 69: There emerges from their bellies a drink (honey), varying in colors, in which there is healing for people) and because of its antimicrobial properties and its role in healing wounds it has been used in traditional medicine. [6] The antimicrobial properties of propolis have been examined and confirmed in several studies. In a study, Brazilian propolis showed inhibitory effects on the growth of 15 microorganisms, including Streptococcus mutans, Staphylococcus aureus, and Enterococcus faecalis. [7] The effect of propolis on S. mutans has been demonstrated as it inhibits the growth and adhesion of bacteria to surfaces and inhibits glycosyltransferase enzyme activity in vitro and in vivo. [8, 9] Propolis has also been successful in inhibiting drug-resistant microorganisms such as Candida glabrata, methicillinresistant S. aureus (MRSA). [10] However, in each of these studies, even under the same laboratory conditions, different results have been achieved with different propolis products. Researchers have attributed this difference to two factors of propolis harvest time and place (time of collection, geographic origin), indicating the importance of studying propolis collected in different areas. [1, 2, 11, 12] Most studies have shown the effect of propolis on Gram-positive bacteria, especially S. aureus. [13, 14] In this context, some researchers have reported that it only affects Gram-positive bacteria and some fungi. [2] Honey's antibacterial effects have also been evaluated by many researchers and favorable results have been reported. [5, 15] Although its mechanism of action is still unknown, studies have demonstrated that this effect, is not related only to the high concentration of sugar in the honey. [16] Hamadan honey as an example of Iranian honey have been observed to inhibit the growth of bacteria of S. mutans in 20% lower concentration. [15] Recently, due to the prevalence of drug-resistant strains, especially MRSA and also because of the side effects of synthetic drugs, there is an increased tendency to use natural compounds and products. [17] Given the favorable antibacterial effects of propolis and honey, there are efforts to increase their effects in various ways. For example, some studies used propolis against S. aureus and Candida albicans in the form of nanoparticles and compared with conventional propolis, obtained areola diameter of lacking higher growth. [3] Furthermore, many studies regarding the composition of propolis or honey with antibiotics have been conducted and all have reported the significant and positive results. [4, 10, 18] In this study, we aimed to evaluate the antibacterial effect of honey and propolis of Azarian region of Iran and evaluating the synergistic effect of them against oral pathogens.
METHODS
In this study, no animals or human data or tissues were used; therefore, the study did not need ethics approval.
Extraction of propolis
Extraction was conducted by method of maceration in ethyl alcohol. The crude propolis was collected in Shabestar located in the north-west area of East-Azerbaijan in Iran in October 2013 (from local bee keepers). Hand-collected propolis was kept desiccated and in the dark place before its processing. The sample was frizzed and chopped into a small blender and dissolved in 70% ethyl alcohol with a ratio of 3:10 (30 g of propolis in 100 mL of 70% ethyl alcohol). Then, the propolis samples were kept for 1 week at room temperature in a laboratory shaker in a dark place. After that time, the ethanolic extract of propolis (EEP) was filtered by (Whatman paper no. 4, UK). The EEP was then concentrated in a rotary vacuum evaporator to obtain the pure propolis extract in powder form. That powder was weighted and dissolved in TSB (trypticase Soy Broth + 10% ethyl alcohol) (Himedia, India) to make a concentration of 25 mg/mL. [1, 2] Other concentrations were obtained by serial dilution with TSB (25 mg/mL -12.5 -6.25 -3.12 -1.56 -0.78 -0.39 -0.195 -0.0975 -0.0487 -0.0243 -0.0121 -0.006 -0.003 mg/mL).
Preparation of honey samples
Natural, untreated and unpasteurized honey samples were obtained directly from amateur beekeepers in Shabestar. The first concentration (50%) was made by adding equal amount of honey to equal amount of TSB. After mixing by stirring with vortex different concentrations were obtained by serial dilution with TSB. Further equal volumes of first solutions and more TSB were used to obtain dilution up to 1.56%.
Bacterial strains
The bacterial strains used in this study were S. mutans 25922, Staphylococcus epidermidis ATCC 11228, and E. faecalis ATCC 29212. The bacterial inoculums have been prepared in 0.9% sodium chloride from fresh cultures after 24 h. The turbidity of the suspension has been adjusted to the McFarland 0.5 turbidity standard. [12] These suspensions were used to determine the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC).
Antimicrobial effect of propolis and honey
Antimicrobial activity of propolis extracts and honey was evaluated using broth microdilution method to measure MIC and MBC as recommended by the Clinical and Laboratory Standards Institute. [19] [20] [21] To determine MIC value, bacterial strains were incubated in 96 well microtiter plates in broth containing different concentrations of propolis (25-0.003 mg/mL) or of honey (50-1.56%) for 24 h, at the temperature of 37°C. MIC value was estimated by visual and spectroscopic method by absorbance measurement at 620 nm (OD620-optical density reading at 620 nm). [7] Control tubes with the TSB (without propolis) as negative controls and 70% ethanol as positive controls were used. For the determination of MBC, sterile swabs were used to inoculate concentrations higher than the MIC onto the blood agar plate for 24 h. [2] Antimicrobial synergism of honey and propolis
In vitro synergism assays were carried out after evaluating the MIC of EEP and honey alone. One-fourth of MIC 90% was considered as subinhibitory concentration of EEP in the synergism assays. [22] After MIC determination for both propolis and honey, different concentrations of them below their MIC were prepared and their mixtures were prepared by mixing different concentrations of honey with EEP. These concentrations were examined against above-mentioned organisms. Synergism was defined when MIC of combination of honey and propolis reduced the MIC of them alone. [1] 
Statistical analysis
The mean and standard deviation of MIC have been used to show the descriptive statistics. One-way ANOVA was used to compare MIC ± standard deviation [SD] between different bacteria for each substance Furthermore, to investigate the synergistic effect, the difference between the two groups in MIC ± SD was calculated using independent samples t-test (significance level of the test was <0.05).
RESULTS
After 24 h incubation, amount of the MIC was assessed by visual and spectrophotometric methods. In all samples, mediums of net TSB and TSB + 10% ethyl alcohol showed the maximum growth. All data were obtained as mean and standard deviation of MIC for honey and propolis and were calculated separately for different bacteria [ Table 1 ]. These results showed that honey could inhibit the growth of all bacteria among which the S. aureus had the lowest amount of honey MIC. Furthermore, MIC of honey for the E. coli was significantly higher than all other bacteria (P < 0.05). Average MIC for S. epidermidis was also significantly higher than S. aureus (P < 0.05). The alcoholic extract of propolis was not effective against E. coli bacteria and could not inhibit the growth of bacteria by concentration of 25 mg/mL [ Figure 1 ]. Although, S. aureus had the lowest amount of MIC ± SD, but this difference as well as the difference among other bacteria in propolis group was not significant. MBC amount for S. mutans, MRSA, S. aureus, S. epidermidis, and E. faecalis were 0, 1.56, 0.78, 1.56, and 1.56, respectively. MIC amount in the combination of propolis and honey was less than their MIC independently [ Table 1 ]. Regarding S. aureus, there was no statistically significant difference between MIC "propolis used independently" and "Propolis in combination" (P = 0.099 > 0.05). On the other hand, the combined propolis could inhibit growth of E. coli bacteria in dilution of 17.39 (±6.17) compared with the time when propolis was independently used.
DISCUSSION
Findings of the present indicate synergistic effect of propolis and honey for antimicrobial application. Propolis and honey are two natural substances that have significant antiseptic effects. Especially, their antibacterial properties have been studied by many researchers. All these studies prove the antibacterial effects, but according to the time and place of harvest of product and extract, different antibacterial effects were reported. [12] Accordingly, studying propolis and honey of different areas is very important, especially because, studies on Iran Azarian propolis and honey is limited and this study is the only study available in relation to their antibacterial synergistic effects. Among the different extracts of propolis (aqueous, ethanol, methanol, and N-hexane extract), its ethanol extract could show significant antibacterial results compared to its own control. [12] In a study conducted about the antibacterial effects of ethanolic and aqueous extracts on the mouth microorganisms, the alcohol ethanol extract was effective in the range of 250-500 µg/mL against all species studied including S. mutans, Streptococcus salivarius, S. aureus, E. faecalis, and Lactobacillus casei. While the aqueous extract was effective only against S. mutans in dilution 20 mg/mL and in dilution of 500 µg/mL against S. mutans and E. faecalis has shown bacteriostatic effects. [23] Therefore, in this study, the ethanol extract of propolis was used and the dilutions were conducted by solution of TSB and 10% ethyl alcohol.In addition, this solution was used as a negative control in all samples and had the highest growth. In other words, solution is lacking any antibacterial effect and it can be concluded that antibacterial effect of propolis is related to chemical compounds of the propolis itself, not the alcohol contained in the extract. Most studies have demonstrated more effectiveness of propolis against Gram-positive bacteria. [13, 14] In this study, propolis could also inhibit growth of S. mutans, MRSA, S. aureus, S. epidermidis, and E. faecalis. However, it had no effect against E. coli even at a dilution of 50 mg/mL. In other words, it can be predicted that Iran Azarian propolis was effective against Gram-positive bacterium with a range of MIC (0.47 ± 0.18 -0.79 ± 0.25). In a study conducted by the same method, Egypt and Saudi Arabia propolis have inhibited MRSA and E. coli bacterium in a dilution of 0.15. [1] This difference could be due to the species of E. coli and propolis which were used. In most studies, E. faecalis has appeared very resistant against propolis, [14] whereas in this study, propolis could only inhibit it in dilution of 0.58. Propolis inhibits activity of glycosyltransferase in S. mutans and Streptococcus sobrinus and has been effectively inhibited growth of these bacterium in the laboratory and clinical conditions. [8, 9] In this study, the minimum MIC level of propolis was related to S. mutans bacteria with an average of 0.47 mg/mL.
Based on the analysis of the components, Iranian propolis associated with Spain and Portugal propolis are located in a group, [24] but based on the antibacterial effects, Iranian propolis has shown antibacterial activity more than reports from other countries. For example, South Korea propolis with the 0.035 mg/mL, [21] has one of the lowest MIC values and at the top of this range, Polish propolis with 1.1 ± 0.45 [2] includes the highest MIC values. Iran Azarian propolis with the value of 0.47 is located in the middle of this range. Effect of Iran Azarian honey on investigated bacteria suggests more resistance of E. coli bacteria against honey than other bacteria. Furthermore, the MIC level of Iran Azarian honey is very close to MIC results of Saudi Arabia honey. [1] Propolis antibacterial effects have been considered for a long time and were used in ancient medicine. Today, along with more accurate identification of its properties it has entered modern pharmaceutical industry and some products of mouthwashes with propolis are presented to the market. On the other hand, due to the side effects of synthetic drugs and increasing pharmaceutical resistances, willingness to use it has been increasing. Therefore, trying to identify its more effective types as well as exploring ways to enhance its effects could result in the practical enhancement of this product. The combination of honey and propolis to increase the effect through synergism is considered as one of these efforts that in this study has shown positive results that cause to reduce the amount of honey MIC for all bacterium. In spite of the addition of honey to propolis, synergistic effect was not seen in S. aureus. Although the MIC level of propolis in combination is less than propolis independently, but the difference was not significant (P = 0.099). The synergistic effect of honey on propolis is very evident in the case of E. coli and was not inhibited by propolis independently but in combination with honey. Propolis could inhibit it in dilution of 17.39 (± 6.17). Since the concentration of the honey contained in compound is sub MIC (quarter of honey MIC) and it is lacking in nonbacterial effect, achieving bacterial effect of propolis in combination can be attributed to the synergistic effect of honey on propolis. It can be proposed that by the addition of these two, one of the most common and most important shortcomings of propolis (a weak effect on Gramnegative bacteria) is improved. In addition, by mixing these two compounds in the pharmaceutical products, according to the synergistic effect, the formulation can be achieved more effectively. Furthermore, providing the association of these two substances, less dilution of each one is necessary which causes to minimize negligible complication of propolis and honey. The most common complication of propolis is sensitivity and skin irritation that was seen in bee owners and those that use its cosmetic products. This sensitivity is more evident in people who are allergic to pollen. In addition, propolis used in cosmetics and dietary supplements is in the form of an ethanol extract and this high amount of ethanol accompanied by the drug of disulfiram and metronidazole can cause nausea. [25] The main limitation in this study was extraction sedimantations, especially for propolis. Further studies need to be conducted to extend methods for better dissolution of propolis and provide it in homogenized structure.
In conclusion, findings of this study indicate that mixing these two compounds in medicinal products, due to a synergistic effect, a more effective formulation and lower dilution of solvent (alcohol) can be achieved to reduce the complication. In addition, the weakness of propolis against Gram-negative bacteria can be improved. Future studies can provide more details for applying this combination for oral therapy purposes.
